10/565,591 

Inventor search history 

=> d his L42 

(FILE 'HCAPLUS' ENTERED AT 16:41:51 ON 19 OCT 2009) 
L42 16 S L41 AND ( GUAN ? OR BIOFILM? OR BIO (W) FILM? OR "BIOFILM" OR "CG 

=> d que L42 

L41 36 SEA FILE=HCAPLUS SPE=ON ABB=ON PLU=ON ("KARAOLIS D'VAU OR 




BIOFILM? OR BIO (W) FILM? OR "BIOFILM" OR "CGMP" OR "GMP") 



. EMBASE, DRUGU ' ENTERED AT 1 



16 SEA FILE=HCAPLUS SPE=ON ABB=ON PLU=ON L41 AND (GUAN? OR 

BIOFILM? OR BIO (W) FILM? OR "BIOFILM" OR "CGMP" OR "GMP") 
44 SEA L42 



=> dup rem L42 L44 

FILE 'HCAPLUS' ENTERED AT 17:02:30 ON 19 OCT 2009 

USE IS SUBJECT TO THE TERMS OF YOUR STN CUSTOMER AGREEMENT. 

PLEASE SEE "HELP USAGETERMS" FOR DETAILS. 

COPYRIGHT (C) 2009 AMERICAN CHEMICAL SOCIETY (ACS) 

FILE 'MEDLINE' ENTERED AT 17:02:30 ON 19 OCT 2009 

FILE 'BIOSIS' ENTERED AT 17:02:30 ON 19 OCT 2009 
Copyright (c) 2009 The Thomson Corporation 

FILE 'EMBASE' ENTERED AT 17:02:30 ON 19 OCT 2009 
Copyright (c) 2009 Elsevier B.V. All rights reserved. 

FILE 'DRUGU' ENTERED AT 17:02:30 ON 19 OCT 2009 
COPYRIGHT (C) 2009 THOMSON REUTERS 
PROCESSING COMPLETED FOR L42 
PROCESSING COMPLETED FOR L44 

L58 25 DUP REM L42 L44 (35 DUPLICATES REMOVED) 

ANSWERS '1-16' FROM FILE HCAPLUS 
ANSWERS '17-25' FROM FILE BIOSIS 



p.2 



10/565,591 

Inventor search results 



=> d L58 1-25 ibib ab 

L58 ANSWER 1 OF 25 HCAPLUS 
ACCESSION NUMBER : 2009 
TITLE: c-di 



Jtaphylococcus aureus (MRSA) infect 



nethicillin-re 



CORPORATE SOURCE : 



David K. R. 



SOURCE : 

PUBLISHER: Elsev 
DOCUMENT TYPE: Journ 
LANGUAGE: Engli 
AB Cyclic diguanylate (c-di- 
lat triggers a protecti\ 



of < 



-di-GMP a 



clumping factor A (ClfA) and a r 
(mSEC), then i.v. (i.v.) challer 
(MRSA) in a systemic infection n 
or c-di-GMP plus ClfA vaccines t 
antigen-specific antibody responses 



l the splec 



.aphylococci. 
i two differ 
int staphylc 



and liv 



Lgnificantly lower than those 



c-di-GMP plus ClfA-imi 

control mice (P < 0.001). Mice immunized with c-di-GMP plus mSEC or c 
plus ClfA showed significantly higher survival rates at day 7 (87.5%) 
those of the non-immunized control mice (33.3%) (P < 0.05). Furtherrt 
immunization of mice with c-di-GMP plus mSEC or c-di-GMP plus ClfA ir 
only very high titers of IgGl (IgGl), but c-di- GMP plus mSEC also ir 
significantly higher levels of IgG2a, IgG2b and IgG3 compared to alun 
(P < 0.01 and P < 0.001, resp.) and c-di-GMP plus ClfA induced signif 
higher levels of IgG2a, IgG2b and IgG3 compared to alum adjuvant (P < 
hat c-di-GMP should be developed as an adjuvant anc 



lother 



(MRSA) . 



L58 ANSWER 2 OF 25 HCAPLUS 



? 2009 



T STN DUPLICATE 2 



ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 



! immunomodulator and 



2008:965252 
150:349833 
c-di-GMP is an 

Ogunniyi, Abiodun D.; Paton, James C; Kirby, Alur 
McCullers, Jonathan A.; Cook, Jan; Hyodo, Mamoru; 
Hayakawa, Yoshihiro; Karaolis, David K. R. 

School of Molecular and Biomedical Science, Univei 
of Adelaide, 5005, Australia 
Vaccine (2008), 26(36), 4676-4685 



Journal 
English 

p.3 



ISSN: 0264-410X 



10/565,591 



load in lungs and blood after serotypes 2 and 2 
decrease in lung titers after serotype 4 challe 
of these enhanced protective responses were ide 
nodes. I. 
resulted i 

survival of mice, compared to that obtained with a 
demonstrate that local or systemic c-di-GMP admini 

can P be used as an effective broad spectrum immunom 
prevent infectious diseases. OS. CITING REF COUNT: 
RECORDS THAT CITE THIS RECORD 

(1 CITINGS) 

REFERENCE COUNT: 50 THERE ARE 50 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 

L58 ANSWER 3 OF 25 HCAPLUS COPYRIGHT 2009 ACS on STN DUPLICATE 3 

ACCESSION NUMBER: 2007:1122256 HCAPLUS Full-text 

DOCUMENT NUMBER: 147:514687 

TITLE: Cyclic di-GMP stimulates protective innate 

AUTHOR(S): Karaolis, David K. R. ;^Newstead, Michael W.; 

Zeng, Xianying; Hyodo, Mamoru; Hayakawa, Yoshihiro; 

Bhan, Urvhashi; Liang, Hallie; Standiford, Theodore J. 
CORPORATE SOURCE: Intragenics Research Institute, Havre de Grace, MD, 

21078, USA 

SOURCE: Infection and Immunity (2007), 75(10), 4942-4950 

CODEN : INFIBR; ISSN: 0019-9567 
PUBLISHER: American Society for Microbiology 

DOCUMENT TYPE: Jo.irna 

AB Innate immunity is the primary mechanism by which extracellular bacterial 
pathogens are effectively cleared from the lung. We have previously shown that 
cyclic di-GMP (c-di-GMP [c-diguanylate] ) is a novel small mol . immunomodulator ar 

Using a murine model of bacteria^pneumonia, we show that local intranasal (i.n.) 
or systemic s.c. administration of c-di-GMP prior to intratracheal (i.t.) challer 
with Klebsiella pneumoniae stimulates protective immunity against infection. 
Specifically, i.n. or s.c. administration of c-di- GMP 48 and 24 h prior to i.t. 
pneumoniae challenge resulted in significantly increased survival. Pretreatment 
with c-di-GMP resulted in a 5-fold reduc 
0.05) and an impressive > 1000-fold deci 



ited NK and <xp T lymphocytes. 



-e against bacterial invasion. We propose that the cyclic dinucleotide c- 
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adjuvant to protect against respiratory infection and pneumonia in humans and 
animals. OS. CITING REF COUNT : 9 THERE ARE 9 CAPLUS RECORDS THAT CITE THIS 

RECORD 

(9 CITINGS) 

49 THERE ARE 49 CITED REFERENCES AVAILABLE FOR THIS 
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AB Cyclic diguanylate (c-di-GMP) is a bacterial intracellular signaling mol . 
The authors have shown that treatment with exogenous c-di- GMP inhibits 
Staphylococcus aureus infection in a mouse model. The authors now report that c- 
GMP i 
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coinjected with S. aureus clumping factor A (ClfA) Ag produced serum with 
significantly higher anti-ClfA IgG Ab titers compared with ClfA alone. I. p. 
injection of mice with c-di-GMP activated monocyte and granulocyte recruitment. 
Human immature dendritic cells (DCs) cultured in the presence of c-di-GMP showed 
increased expression of costimulatory mols. CD80/CD86 and maturation marker CD83, 
increased MHC class II and cytokines and chemokines such as IL-12, IFN-y, IL-8, MC 
1, IFN-y-inducible protein 10, and RANTES, and altered expression of chemokine 
receptors including CCR1, CCR7, and CXCR4 . C-di-GMP-matured DCs demonstrated 
enhanced T cell stimulatory activity. C-di-GMP activated p38 MAPK in human DCs an 
ERK phosphorylation in human macrophages. C-di-GMP is stable in human serum. The 
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inhibits Staphylococcus aureus cell-cell interactions 

and biofilm formation 
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LANGUAGE: English 

AB Staphylococcus aureus is an important pathogen of humans and animals, and 
antibiotic resistance is a public health concern. Biofilm formation is essential 
in virulence and pathogenesis, and the ability to resist antibiotic treatment 
results in dif f icult-to-treat and persistent infections. As such, novel 
antimicrobial approaches are of great interest to the scientific, medical, and 

dinucleotide signaling mol . , c-di-GMP ^cyclic diguanylate [ 3 ' ^5 ' -cyclic diguanylic 
acid], cGpGp) , has utility in regulating phenotypes of prokaryotes . We report that 
extracellular c-di-GMP shows activity against human clin. and bovine intramammary 
mastitis isolates of S. aureus, including methicillin-resistant S. aureus (MRSA) 
isolates. We show that chemical synthesized c-di-GMP is soluble and stable in 
water and physiol. saline and stable following boiling and exposure to acid and 
alkali. Treatment of S. aureus with extracellular c-di-GMP inhibited cell-to-cell 
(intercellular) adhesive interactions in liquid medium and reduced (>50%) biofilm 
formation in human and bovine isolates compared to untreated controls . C-di-GMP 
inhibited the adherence of S. aureus to human epithelial HeLa cells. The cyclic 
nucleotide analogs cGMP and cAMP had a lesser inhibitory effect on biofilms, while 
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used either alone or in combination with other antimicrobial agents, represent a 
novel and attractive approach in the development of intervention strategies for t 
prevention of biofilms and the control and treatment of infection. 
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TITLE: Role of exopolysaccharide, the rugose phenotype and 

VpsR in the pathogenesis of epidemic Vibrio cholerae 
AUTHOR(S): Rashid, Mohammed H.; Rajanna, Chythanya; Zhang, Dalin; 

Pasquale, Vlncenzo; Magder, Laurence S.; Ali, Afsar; 

Dumontet, Stefano; Karaolis, David K. R. 
CORPORATE SOURCE: Department of Epidemiology and Preventive Medicine, 

University of Maryland School of Medicine, Baltimore, 
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PUBLISHER: Elsevier Science B.V. 

DOCUMENT TYPE: Journal 
LANGUAGE : English 

AB Vibrio cholerae, the causative agent of cholera, can produce an 
exopolysaccharide (EPS) . Some strains can also phenotypically switch from a smoot 
to a 'rugose' phenotype characterized by small wrinkled colonies, overprodn. of 
EPS, increased biofilm formation in vitro and increased resistance to various 
stressful conditions. High frequency switching to the rugose phenotype is more 
common in epidemic strains than in non-pathogenic strains, suggesting EPS 
production and the rugose phenotype are important in cholera epidemiol . VpsR up- 
regulates Vibrio polysaccharide (VPS) genes and the synthesis of extracellular EPS 
(VPS) . However, the function of VPS, the rugose phenotype and VpsR in pathogenesis 
is not well understood. The authors report that rugose strains of both classical 
and El Tor biotypes of epidemic V. cholerae are defective in the in vitro 
production of extracellular collagenase activity. In vivo studies in rabbit ileal 
loops suggest that VpsR mutants are attenuated in reactogenicity . Intestinal 
colonization studies in infant mice suggest that VPS production, the rugose 
phenotype and VpsR have a role in pathogenesis. The results indicate that 
regulated VPS production is important for promoting in vivo biofilm formation and 
pathogenesis. Addnl . , VpsR might regulate genes with roles in virulence. Rugose 
strains appear to be a subpopulation of cells that might act as a 'helper' 
phenotype promoting the pathogenesis of certain strains. These studies provide ne 
insight into the potential role of VPS, the rugose phenotype and VpsR in the 
pathogenesis of epidemic V. cholerae. OS. CITING REF COUNT: 8 THERE ARE 8 

CAPLUS RECORDS THAT CITE THIS RECORD 

(8 CITINGS) 

REFERENCE COUNT: 35 THERE ARE 35 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 
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ussibly being part of an operon. Our findings that Mop is 
associated with CT, motility, biofilm formation and intestinal colonization suppc 
a hypothesis in which Mop has a pleiotropic role in the pathogenesis and 
persistence of epidemic V. cholerae. OS. CITING REF COUNT: 4 THERE ARE 4 
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the smooth and rugose phenotypes of Vibrio cholerae 
Rashid, Mohammed H.; Rajanna, Chythanya; Ali, Afsar; 
Karaolis, David K. R. 

Department of Epidemiology and Preventive Medicine, 
University of Maryland School of Medicine, Baltimore, 
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Journal 

an switch to a rugose' phenotype characterized by an 
:ix, wrinkled colony morphol . , increased biofilm 
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in cholera epidemiol . In this study, transposon mutagenesis on a smooth V. 
cholerae strain was used to identify mutants that were unable to shift to the 
rugose phenotype under inducing conditions to better understand the mol . basis of 
the switch. We identified vpsR, galE and vps previously associated with the rugose 
phenotype, and also identified genes not previously associated with the phenotype, 
including rfbD and rfbE having roles in LPS (lipopolysaccharide) synthesis and aroB 
and aroK with roles in aromatic amino acid synthesis. Addnl . , a mutation in amiB 
encoding N-acetylmuramoyl-L-alanine amidase caused defects in the switch, motility 

termed RocS ^regulation of cell signaling) containing a GGDEF and EAL domains and 
associated with c-di-GMP levels is important for the rugose phenotype, EPS, biofilm 
formation and motility. We propose that modulation of cyclic dinucleotide (e.g. c- 
di-GMP) levels might have application in regulating various phenotypes of 
prokaryotes. Our study shows the mol. complexity of the switch between the smooth 
and rugose phenotypes of V. cholerae and may be relevant to similar phenotypes in 
other species. OS. CITING REF COUNT: 51 THERE ARE 51 CAPLUS RECORDS THAT CITE 

THIS 

RECORD (52 CITINGS) 
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Dn in clin. strains, as HFRP was found in 6 of 19 clin. 
classical, El Tor, and non-01 strains) but in only 1 of 16 
is) . Differences were found between strains in rugose colony 
morphol., conditions promoting HFRP, the frequency of rugose-to-smooth (R-S) cell 
reversion, and biofilm formation. We propose that rugose EPS and HFRP provide an 
evolutionary and adaptive advantage to specific epidemic V. cholerae strains for 
increased persistence in the environment. OS. CITING REF COUNT: 25 THERE ARE 
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AB A review. This paper describes efficient synthesis, chemical behav: 
biol. activities of cyclic bis ( 3 ' -5 ') diguanylic acid (c-di-GMP) and its ar 
including cyclic bis (3 ' -5 ' ) guanylic-inosinic acid (c-GpIp) , cyclic bis (3'- 
5 ' ) guanylic-adenylic acid (c-GpAp) , and bis (3 ' -5 ') diguanylic acid 
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monophosphorothioate (c-GpGps). C-di- GMP was synthesized via two methods. 
Between the two methods, one method is more effective, particularly, for large- 
scale (gram-scale) synthesis to obtain the target compound in a high yield. While, 
c-GpIp, c-GpAp, and c-GpGps were synthesized via similar strategies. Studies on 
chemical behaviors of c-di-GMP indicated that these cyclic dinucleotides exist as 
the monomers in aprotic solvents such as DMSO. By contrast, it was shown that c- 
di-GMP smoothly aggregates to form a mixture of many compds . in water, in < 0.9% 

ammonium acetate buffer solns . All aggregated compds. smoothly revert to a single 
compound (probably an aggregate) by dissolving in a 0.9% sodium chloride solution 
(a physiol. salt solution), a > 100 mM phosphate buffer solution, or a > 100 mM 
ammonium acetate buffer solution Biol, investigation disclosed some novel 
activities of c-di-GMP, such as inhibition of biofilm formation of Staphylococcus 
aureus, inhibition of basal and growth factor stimulated human colon cancer cell 
proliferation, and reduction of the villus of biof ilm-f ormed Staphylococcus aureus 
in a mouse model. OS. CITING REF COUNT: 4 THERE ARE 4 CAPLUS RECORDS THAT 
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cholerae can shift to a rugose colony phenotype in which the cells produce 
copious amounts of exopolysaccharide (EPS) . The production of this EPS 
promotes the persistence of V. cholerae as it promotes biofilm formation and 
increased resistance to various stresses such as acid, chlorine, UV light, and 
complement. We have shown that some strains of V. cholerae can shift at high 
frequency to produce EPS in a process we call high frequency rugose EPS 
production (HFRP) . HFRP was more common in clinical V. cholerae strains than 
in nonpathogenic strains suggesting that EPS production and HFRP is important 

and which is^ssential for virulence. We show that the VPI-encoded integrase 
(int) and transposase-like (vpiT) genes affect EPS production and have roles 
in the switch to HFRP. A VpiT mutant in particular is significantly reduced 
in its ability to undergo HFRP and this defect can be complemented by a 
plasmid containing vpiT. Since genes on the VPI can affect HFRP, our results 
suggest that the VPI confers both virulence and increased environmental 
persistence in epidemic V. cholerae strains. 
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Epidemic cholera is a severe diarrheal disease caused by specific toxigeni 
strains of Vibrio cholerae . These strains possess an essential virulence 
cluster called the Vibrio pathogenicity island (VPI) that is typically ab E 
from nonpathogenic strains. The VPI is 41.2-Kb in size and encodes 29 
potential proteins, several of which have no known function. In order to 
better understand the pathogenesis of epidemic V. cholerae strains, we are 
characterizing the role of the VPI and its genes in virulence. We report 
the VPI-encoded Mop protein is a predicted 34-kDa periplasmic protein whic 
has no homolog in the database and contains a zinc metalloprotease motif, 
constructed a mop mutation in V. cholerae 7th pandemic (El Tor) strain 30E 
and found that Mop has no role in the expression of TcpA and hemaglutinin 
protease (HAP) or in motility, however, a Mop mutant is significantly 
attenuated in cholera toxin expression and increased in biofilm formation. 
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are defective in this phenotypic conversion have been identified. Since 
is important for long-term persistence and since HFRP is unique to epiden 
cholerae strains, our findings provide valuable information regarding the 
genetic switch of a phenomenon that appears to be important in the 
epidemiology of epidemic V. choleare strains. 
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2005:300236 HCAPLUS Full-text 
142:367640 

Method for attenuating virulence of microbial 
pathogens and inhibiting 
microbial biofilm formation by using 
c-di-GMP and cyclic 

Karaolis, David K. R. 
University of Maryland, USA 
PCT Int. Appl., 118 pp. 

CODEN: PIXXD2 
Patent 



KIND DATE 



APPLICATION NO. 



WO 2004-US234 



. JP, KE, KG, KP, 
. MK, MN, MW, MX, 
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7 Apr 2005 



le use of the cyclic dinucleotide c-di-GMP 
and cyclic dinucleotide analogs thereof in a method for attenuating virulence 
of a microbial pathogen or for inhibiting or reducing colonization by a 
microbial pathogen. This method further inhibits microbial biofilm formation 
and is capable of treating bacterial infections. The microbial colonization 
or biofilm formation inhibited or reduced may be on the skin or on nasal or 
mucosal surface. The microbial colonization or biofilm formation inhibited 
can also be on the surfaces of medical devices, especially those in close 
contact with the patient, as well on the surfaces of industrial and 
construction material where microbial colonization and biofilm formation is of 



p.23 



10/565,591 

(Method for attenuating virulence of microbial 
pathogens and inhibiting microbial 
biofilm formation by using c-di-GMP 
and cyclic dinucleotide analogs) 
IT 61093-23-0D, carboxy/phosphoalkylene ether derivs . 

RL: THU (Therapeutic use); BIOL (Biological study); USES (Uses) 

(attenuating virulence of microbial pathogens and 
inhibiting microbial biofilm formation by 
using c-di-GMP and cyclic dinucleotide 
analogs) 
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TITLE: Aminoglycoside antibiotics induce bacterial 

biofilm formation 

AUTHOR(S): Hoffman, Lucas R.; D'Argenio, David A.; MacCoss, 

Michael J.; Zhang, Zhaoying; Jones, Roger A.; Miller, 
Samuel I. 

CORPORATE SOURCE: Department of Pediatrics, University of Washington, 

Seattle, WA, 98195, USA 
SOURCE: Nature (London, United Kingdom) (2005), 436(7054), 

1171-1175 

CODEN: NATUAS; ISSN : 0028-0836 
PUBLISHER: Nature Publishing Group 

DOCUMENT TYPE: Journal 
LANGUAGE: English 
ED Entered STN: 25 Aug 2005 

AB Biofilms are adherent aggregates of bacterial cells that form on biotic and 
abiotic surfaces, including human tissues. Biofilms resist antibiotic 
treatment and contribute to bacterial persistence in chronic infections. 
Hence, the elucidation of the mechanisms by which biofilms are formed may 
assist in the treatment of chronic infections, such as Pseudomonas aeruginosa 
in the airways of patients with cystic fibrosis. Here we show that 
subinhibitory concns . of aminoglycoside antibiotics induce biofilm formation 

induction and' contributed to biofilm-specif ic aminoglycoside resistance. The 

substrate is cyclic di-guanosine monophosphate (c-di-GMP) -a bacterial second 
messenger that regulates cell surface adhesiveness. We found that membranes 
from arr mutants had diminished c-di- GMP phosphodiesterase activity, and P. 

were defective in their biofilm response to tobramycin. Furthermore, 
tobramycin-inducible biofilm formation was inhibited by exogenous GTP, which 
is known to inhibit c-di- GMP phosphodiesterase activity. Our results 
demonstrate that biofilm formation can be a specific, defensive reaction to 
the presence of antibiotics, and indicate that the mol . basis of this response 
includes alterations in the level of c-di-GMP . 
IT 57-92-1, Streptomycin, biological studies 61093-23-0 
338732-46-0 

RL: BSU (Biological study, unclassified); BIOL (Biological study) 
(aminoglycoside antibiotics induce bacterial biofilm 
formation) 
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Raj anna; 
Yoshihii 
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lid, Mohammed H.; Chythanya, 
; Hayakawa, 



Department of Epidemiology and Preventive Medicine, 
University of Maryland School of Medicine, Baltimore, 
MD, 21201, USA 

Antimicrobial Agents and Chemotherapy (2005), 49(3), 
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obi a 1 approaches 
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sntly propos€ 

levels of the cyclic dinucleotide signaling mol., c-di- GMP (cyclic 
diguanylate [3', 5 '-cyclic diguanylic acid], cGpGp) , has utility in regulating 
phenotypes of prokaryotes . We report that extracellular c-di-GMP shows 
activity against human clin. and bovine intramammary mastitis isolates of S. 
aureus, including methicillin-resistant S. aureus (MRSA) isolates. We show 
that chemical synthesized c-di- GMP is soluble and stable in water and 
physiol. saline and stable following boiling and exposure to acid and alkali. 
Treatment of S. aureus with extracellular c-di-GMP inhibited cell-to-cell 
(intercellular) adhesive interactions in liquid medium and reduced (>50%) 

C- di-GMP inhibited the adherence of S. aureus to human epithelial HeLa cells. 
The cyclic nucleotide analogs cGMP and cAMP had a lesser inhibitory effect on 
biofilms, while 5 ' -GMP had no major effect. We propose that cyclic 
dinucleotides such as c-di-GMP, used either alone or in combination with other 
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development of i 
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Kelsey 

The Florida Internationa 
PCT Int. Appl., 59pp. 

CODEN: PIXXD2 

Patent 

English 



PATENT NO. 



WO 2009114810 



KIND DATE 



APPLICATION NO. 
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US 2008-36812P 
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2009:1080981 HCAPLUS Full-text 
151:329919 

Recombinant bacteriophage containing 
nucleotides for inhibiting antibiotic 
resistance, survival, SOS response and/ 
genes, and their use in combination of 
agents in eliminating bacteria in 
animals or surfaces 

Collins, James J.; Lu, Timothy Kuan-Ta 
Boston University, USA; Massachusetts I 
Technology 

PCT Int. Appl., 229pp. 
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A2 20090903 WO 2009-US30755 20090112 



RW: AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HR, HU, 
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ED Entered STN : 04 Sep 2009 
AB The invention provides rec 
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US 2008-20197P P 20080110 
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ist one bacterial antibiotic resistance gene 
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148:397490 



INVENTOR (S) : 
PATENT ASSIGNEE (S) : 



DOCUMENT TYPE: 
LANGUAGE : 



WO 2008039543 



CODEN: PIXXD2 

Patent 

English 



APPLICATION K 



WO 2007-US21042 



AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, 



KM, 



Al 20080626 I 
Al 20090722 E 
. CH, CY, CZ, DE, DK, 



2007-862866 20070927 
2007-839072 20070927 
E, ES, FI, FR, GB, GR, HU, IE, 



PRIORITY APPLN. INFO.: 

ED Entered STN : 03 Apr 



2008 



monitoring metabolic levels of a plurality of analytes. The device comprise: 
an external unit, which, for example, could be worn around the wrist like a 
wristwatch or could be incorporated into a cell phone or PDA device, and an 
implantable sensor platform that is suitable, for example, for implantation 
under the skin. The external device and the internal device are in wireless 
communication. In one embodiment, the external device and the internal devic 
are operationally linked by a feedback system. In one embodiment, the 
internal device is encapsulated in a biocompatible coating capable of 
controlling the local tissue environment in order to prevent/minimize 
inflammation and fibrosis, promote neo-angiogenesis and wound healing and thJ 
facilitate device functionality. 
IT 57-92-1, Streptomycin 

RL: TEM (Technical or engineered material use); THU (Therapeutic use); 
BIOL (Biological study); USES (Uses) 

(analyte sensing device with external control unit and implantable 
biosensor for continuously monitoring metabolic levels of analytes) 
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KR 2008081891 A 20080910 KR 2008-704354 20080222 

CN 101283104 A 20081008 CN 2006-80030645 20080222 

HS 20080318268 Al 20081225 US 2008-996478 20080819 

PRIORITY APPLN. INFO.: US 2005-701858P P 20050722 

WO 2006-CA1218 W 20060724 

ED Entered STN : 07 Feb 2008 

AB This invention is a diagnostic plate that can be used to select antibiotic 

combinations with efficacy against microorganisms growing as a biofilm. The 
plate allows growth of biofilm on a plurality of projections, and the 
subsequent simultaneous challenge of biofilms on all projections of the plate 
to independent concns . and combinations of anti-biofilra agents. Resistance oi 
microorganisms to antibiotics is higher when they grow as a biofilm, as 

determine their level of antibiotic sensitivity. Growth of microorganisms 
that slough off the biofilm in the anti- biofilm agent challenge dets . the 
Min. Inhibitory Concentration (MIC) which relates to sensitivity of the 
microorganisms in a planktonic state. Growth of any surviving microorganisms 
from the biofilm in a subsequent recovery step dets. the Minimal Biofilm 
Eradication Concentration (MBEC) which relates to the sensitivity of the 
microorganisms growing as a biofilm. Enumeration of the surviving 
microorganisms in the recovery step dets. the Min. Biocidal Concentration 
(MBC) . A Staphylococcus test plate was developed to evaluate antibiotics and 
antibiotic combinations against Staphylococcus aureus biofilms. The 96-well 
plate had gentamicin, clindamycin, cefazolin, cloxacillin, rifampin, 
vancomycin, linezolid, ampicillin sublactam, ciprofloxacin, various 
combinations of the antibiotics, a growth control, and a sterility control. 
The sensitivity of planktonic and biofilm forms of S. aureus to individual anc 

sensitive to multiple antibiotics and antibiotic combinations as planktonic 
forms, but was significantly more resistant as a biofilm. 
IT 57-92-1, Streptomycin 

RL: BSU (Biological study, unclassified); PAC (Pharmacological activity); 
PRPH (Prophetic); THU (Therapeutic use); BIOL (Biological study); USES 
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(plate for selection of antibiotics and fungicides against 
biofilm infections) 
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TITLE: Effect of different antimicrobial agents on 

Staphylococcus aureus adhesiveness and biofilm 
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AUTHOR(S): Yassien, M.; Al-Ansari, S. 

CORPORATE SOURCE: Faculty of Pharmacy, King Abdul Aziz University, 

Jeddah, Saudi Arabia 
SOURCE: New Egyptian Journal of Microbiology (2006), 13, 29-51 
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DOCUMENT TYPE: Journal 
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33 (ciprofloxacin, ofloxacin, and levof loxacin) , 

vancomycin on the adherence and biofilm formation by Staphylococcus aureus (12 
Clin, isolates) was studied. In the presence of 1/2 MIC, 1/4 MIC and 1/8 MIC, 
the optical d. of the formed biofilms on plastic surfaces was reduced to 24- 
59.9%, 32.4-76.7% and 49.7-88.5% of the controls, resp. Treatment of the 
preformed biofilms with high concns . (25-200 ug/mL) of the tested agents 
caused reduction in the optical d. of the adherent biofilms to a range from 
52.3 to 87.7% of the control. In an in-vitro model of vascular catheter 
colonization , the tested subinhibitory concns. reduced the percentage of the 
viable adherent cells to 32.1-71.6%, 42.5-85.6%, and 60.3-95.3% of the 
controls, resp. The tested fluoroquinolones and clindamycin are significantly 
more active than the other tested agents, and levofloxacin was the most active 
one. The vascular catheter segments precolonized with S. aureus for 24 h and 
exposed to 50 ng/mL (4-31 times MIC) of the tested fluoroquinolones and 
clindamycin for 2 h showed few viable adherent cells (7-13 CFU/ segment ) , while 
no adherent viable cells were cultured in the presence of 100 ug/mL(8-62 times 
MIC). Also, the tested subinhibitory concns. reduced the percentage of the 
viable bacterial cells adherent to the surface of human lung epithelial A54 9 
cells to the range of 30.1-79.2%, 41.1-89.3%, and 60.9-96.2% of the control, 
resp. Treatment of the A549 cells, preattached with bacterial cells, with the 
tested agents at concns. of 5, 10, and 20 ug/mL (1/4-50 times MIC) reduced the 
range of the percentage of the adherent cells to 53.2-88.3%, 33.8-79.2%, and 
27.2-68.1% of the control, resp. The superior activity of the tested 
fluoroquinolones and clindamycin was also observed The obtained data show 
that subinhibitory concns. of ciprofloxacin, ofloxacin, levofloxacin, and 
clindamycin efficiently reduced the biofilm formation and adherence of S. 
aureus to the surfaces of plastics, vascular catheters, and human lung 
epithelial A549 cells. Also, higher concns. (> MIC) of fluoroquinolones and 
clindamycin were able to eradicate the adherent S. aureus. 
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RL: BSU (Biological study, unclassified); THU (Therapeutic use); BIOL 
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(effect of different antimicrobial agents on Staphylococcus aureus 
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IT 57-92-1, Streptomycin, biological studies 

RL: THU (Therapeutic use); BIOL (Biological study); USES (Uses) 

(gum-like device for controlled and continued delivery of rifaximin and 

OS. CITING REF COUNT: 1 THERE ARE 1 CAPLUS RECORDS THAT CITE THIS RECORD 

(1 CITINGS) 

REFERENCE COUNT: 4 THERE ARE 4 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 

L59 ANSWER 14 OF 30 HCAPLUS COPYRIGHT 2009 ACS on STN 
ACCESSION NUMBER: 2002:977651 HCAPLUS Full-text 

DOCUMENT NUMBER: 138:61381 

TITLE: Biofilm degradation or sloughing compositions 

INVENTOR(S): Kjelleberg, Staffan; Givskov, Michael; Hentzer, Morten 

PATENT ASSIGNEE (S): Unisearch Limited, Australia 

SOURCE: PCT Int. Appl., 69 pp. 



p.35 



10/565,591 



DOCUMENT TYPE: 
LANGUAGE : 

FAMILY ACC. NUM. COUNT: 
PATENT INFORMATION: 



KIND DATE 



APPLICATION NO. 



WO 2002102370 Al 20021227 WO 2002-AU797 2002061 8 

W: AK, A:|, Al„ AM, AT, AU, AX, HA, HH, BG, UK, BY, BZ, CA, Cll, CN, 
CO, CK, CU, r//., DK, DK, DM, DZ, KC, KK, KS, K I , GB, GO, GK, Gil, 



, TX, UG, 7,M, /W, AT, UK, Cll, 
IT, 1 ,11, MC, Nl„ PT, SK, TK, 



BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, 

AU 2002312648 Al 20030102 AU 2002-312648 20020618 

US 20040147595 Al 20040729 US 2004-481250 20040331 

PRIORITY APPLN. INFO.: AU 2001-5754 A 20010618 

WO 2002-AU797 W 20020618 

OTHER SOURCK (S) : MARPAT 138:61381 

ED Entered STN : 29 Dec 2002 

AB The present invention relates to a method for the regulation and control o 
biofilm layers. In particular, the present invention is concerned with 
methods for degrading or causing sloughing of biofilms from surfaces (e.g. 
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plants). The invention is also related to compns . suitable for use in 
carrying out these methods. Thus, halogenated furanones were tested 8 
different concns . The inhibitory activity of each compound on the fluores 
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Entered Medline: 24 Aug 2007 
We previously reported that initiation of metamorphosis of larvae of 
Lytechinus pictus is negatively regulated by nitric oxide (NO) and cGMP . We 
have examined the expression of nitric oxide synthase (NOS) and cGMP in cells 
of the developing larva. A section of the post-oral ciliary band of feeding 
larvae includes neural cells defined by their expression of both NOS and the 
echinoderm neural-specific antibody 1E11. These neurons project processes to 

section of the ciliary band after its excision, complete with NOS-defined 
neurons that projected again to the pre-oral neuropile . Excision of ectoderm 
containing the post-oral ciliary band prevented a behavioral and morphogenetic 
response of competent larvae to biofilm, and delayed initiation of 
metamorphosis. Elevated cGMP levels were detected in several larval and 
juvenile cell types prior to metamorphosis. Treatment of larvae with ODQ, an 
inhibitor of soluble guanylate cyclase, decreased cGMP levels and induced 
metamorphosis while a generator of NO counteracted this effect, indicating 
inhibition of metamorphosis by NO operates via interaction with soluble 
guanylate cyclase. We discuss these observations, proposing that the NOS- 
defined neurons in the post-oral ciliary band have a chemosensory function 
during settlement and metamorphosis that involves morphologically specialized 
ectoderm and manipulation of fluid flow. We provide a tentative cellular 
model of how environmental signals may be transduced into a metamorphic 
response. Copyright 2007 Wiley-Liss, Inc. 

We previously reported that initiation of metamorphosis of larvae of 
Lytechinus pictus is negatively regulated by nitric oxide (NO) and cGMP. We 
have examined the expression of nitric oxide synthase (NOS) and cGMP in cells 
of the developing larva. A section of the post-oral ciliary band of feeding 
larvae includes neural cells defined by their expression of both NOS and the 
echinoderm neural-specific antibody 1E11. These neurons project processes to 

section of the ciliary band after its excision, complete with NOS-defined 
neurons that projected again to the pre-oral neuropile. Excision of ectoderm 
containing the post-oral ciliary band prevented a behavioral and morphogenetic 
response of competent larvae to biofilm, and delayed initiation of 
metamorphosis. Elevated cGMP levels were detected in several larval and 
juvenile cell types prior to metamorphosis. Treatment of larvae with ODQ, an 
inhibitor of soluble guanylate cyclase, decreased cGMP levels and induced 
metamorphosis while a generator of NO counteracted this effect, indicating 
inhibition of metamorphosis by NO operates via interaction with soluble 

defined neurons in the post-oral ciliary band have a chemosensory function 
during settlement and metamorphosis that involves morphologically specialized 
ectoderm and manipulation of fluid flow. We provide a tentative cellular 
model of how environmental signals may be transduced into a metamorphic 
response. Copyright 2007 Wiley-Liss, Inc. 
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of flagellation. Each gene encodes a predicted membrane-associated protein 
with diguanylate cyclase activity. Consistent with that activity, 
introduction into V. fischeri of medium-copy plasmids carrying these genes 
inhibited motility. Furthermore, multicopy expression of mifA induced other 
phenotypes known to be correlated with diguanylate cyclase activity, including 
cellulose biosynthesis and biofilm formation. To directly test their 
function, we introduced the wild-type genes on high-copy plasmids into 
Escherichia coli. We assayed for the production of cyclic di-GMP using two- 
dimensional thin-layer chromatography and found that strains carrying these 
plasmids produced a small but reproducible spot that migrated with an R(f) 
value consistent with cyclic di-GMP that was not produced by strains carrying 
the vector control. Disruptions of mifA or mifB increased flagellin levels, 
while multicopy expression decreased them. Semiquantitative reverse 
transcription-PCR experiments revealed no significant difference in the amount 
of flagellin transcripts produced in either the presence or absence of Mg(2 + ) 
by either vector control or mif A-overexpressing cells, indicating that the 
impact of magnesium and cyclic-di-GMP primarily acts following transcription. 
Finally, we present a model for the roles of magnesium and cyclic di-GMP in 
the control of motility of V. fischeri. 
TI Diguanylate cyclases control magnesium-dependent motility of 
Vibrio fischeri. 

AB Flagellar biogenesis and hence motility of Vibrio fischeri depends upon the 
presence of magnesium. In the absence of magnesium, cells contain few or no 
flagella and are poorly motile or nonmotile. To dissect the mechanism by 
which this regulation occurs, we screened transposon insertion mutants for 
those that could migrate through soft agar medium lacking added magnesium. We 
identified mutants with insertions in two distinct genes, VF0989 and VFA0959, 
which we termed mifA and mifB, respectively, for magnesium-dependent induction 
of flagellation. Each gene encodes a predicted membrane-associated protein 
with diguanylate cyclase activity. Consistent with that activity, 
introduction into V. fischeri of medium-copy plasmids carrying these genes 
inhibited motility. Furthermore, multicopy expression of mifA induced other 
phenotypes known to be correlated with diguanylate cyclase activity, including 
cellulose biosynthesis and biofilm formation. To directly test their 
function, we introduced the wild-type genes on high-copy plasmids into 
Escherichia coli. We assayed for the production of cyclic di-GMP using two- 
dimensional thin-layer chromatography and found that strains carrying these 
plasmids produced a small but reproducible spot that migrated with an R(f) 

the vector control. Disruptions of mifA or mifB increased flagellin levels, 9 
while multicopy expression decreased them. Semiquantitative reverse 
transcription-PCR experiments revealed no significant difference in the amount 
of flagellin transcripts produced in either the presence or absence of Mg(2+) 
by either vector control or mif A-overexpressing cells, indicating that the 
impact of magnesium and cyclic-di-GMP primarily acts following transcription. 
Finally, we present a model for the roles of magnesium and cyclic di-GMP in 
the control of motility of V. fischeri. 
CT Bacterial Proteins: GE, genetics 
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(EAL) domains and binds to c-di- GMP through a degenerate EAL domain. We 
present evidence that LapD utilizes an inside-out signaling mechanism: binding 
c- di-GMP in the cytoplasm and communicating this signal to the periplasm via 
its periplasmic domain. Furthermore, we show that LapD serves as the c-di-GMP 
receptor connecting environmental modulation of intracellular c-di- GMP levels 
by inorganic phosphate to regulation of LapA localization and thus surface 
commitment by P. f luorescens . 
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acetyl-glucosamine (poly-GlcNAc) and two components of the poly-GlcNAc 
biosynthesis machinery, PgaA and PgaD. Poly-GlcNAc control depends on the 
bacterial signalling molecules guanosine-bis 3', 5 ' (diphosphate) (ppGpp) and 
bis- (3' -5 ') -cyclic di-GMP (c-di- 

GMP) . Treatment with translation inhibitors causes a ppGpp hydrolase (SpoT) - 
mediated reduction of ppGpp levels, resulting in specific derepression of 
PgaA. Maximal induction of PgaD and poly-GlcNAc synthesis requires the 
production of c-di-GMP by the dedicated diguanylate cyclase YdeH . Our results 
identify a novel regulatory mechanism that relies on ppGpp signalling to relay 

adhesin production and biofilm formation. Based on the important synergistic 
roles of ppGpp and c-di-GMP in this process, we suggest that interference with 

biofilm control during chronic infections. 

TI Second messenger signalling governs Escherichia coli biofilm 

induction upon ribosomal stress. 
AB Biofilms are communities of surface-attached, matrix-embedded microbial cells 

infections. Using an Escherichia coli biofilm model we found^hat exposure of 

leads to strong biofilm induction. We present evidence that this effect is 
elicited by the ribosome in response to translational stress. Biofilm 
induction involves upregulation of the polysaccharide adhesin poly-beta-1 , 6-N- 
acetyl-glucosamine (poly-GlcNAc) and two components of the poly-GlcNAc 
biosynthesis machinery, PgaA and PgaD. Poly-GlcNAc control depends on the 
bacterial signalling molecules guanosine-bis 3', 5 ' (diphosphate) (ppGpp) and 
bis- (3 '-5 ') -cyclic di-GMP (c-di- 
GMP). Treatment with translation inhibitors causes a ppGpp hydrolase (SpoT) - 
mediated reduction of ppGpp levels, resulting in specific derepression of 
PgaA. Maximal induction of PgaD and poly-GlcNAc synthesis requires the 
production of c-di-GMP by the dedicated diguanylate cyclase YdeH. Our results 
identify a novel regulatory mechanism that relies on ppGpp signalling to relay 
information about ribosomal performance to the Pga machinery, thereby inducing 
adhesin production and biofilm formation. Based on the important synergistic 
roles of ppGpp and c-di-GMP in this process, we suggest that interference with 

biofilm control during chronic infections. 
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AB Alginate biosynthesis by Pseudomonas aeruginosa was shown to be regulated by 

the intracellular second messenger bis- (3 ' -5 ' ) -cyclic-dimeric-GMP ( c-di-GMP) , 
and binding of c- di-GMP to the membrane protein Alg44 was required for 
alginate production. In this study, PA1727, a c- di-GMP-synthesizing enzyme 
was functionally analyzed and identified to be involved in regulation of 
alginate production. Deletion of the PA1727 gene in the mucoid alginate- 
overproducing P. aeruginosa strain PDO300 resulted in a nonmucoid phenotype 
and an about 38-fold decrease in alginate production; thus, this gene is 
designated mucR. The mucoid alginate-overproducing phenotype was restored by 
introducing the mucR gene into the isogenic DeltamucR mutant. Moreover, 
transfer of the MucR-encoding plasmid into strain PDO300 led to an about 
sevenfold increase in alginate production, wrinkly colony morphology, 
increased pellicle formation, auto-aggregation, and the formation of highly 
structured biofilms as well as the inhibition of swarming motility. Outer 
membrane protein profile analysis showed that overproduction of MucR mediates 

and PhoA suggested that MucR is located in the cytoplasmic membrane with a 
cytosolic C terminus. Deletion of the proposed C-terminal GGDEF domain 
abolished MucR function. MucR was purified and identified using tryptic 
peptide fingerprinting and matrix-assisted laser desorption ionization-time of 
flight mass spectrometry. Overall, experimental evidence was provided 
suggesting that MucR specifically regulates alginate biosynthesis by 
activation of alginate production through generation of a localized c-di-GMP 
pool in the vicinity of Alg44. 
TI MucR, a novel membrane-associated regulator of alginate 
biosynthesis in Pseudomonas aeruginosa. 

the intracellular second messenger bis- (3 ' -5 ') -cyclic-dimeric-GMP ( c-di-GMP), 
and binding of c- di-GMP to the membrane protein Alg44 was required for 
alginate production. In this study, PA1727, a c- di-GMP-synthesizing enzyme 
was functionally analyzed and identified to be involved in regulation of 
alginate production. Deletion of the PA1727 gene in the mucoid alginate- 
overproducing P. aeruginosa strain PDO300 resulted in a nonmucoid phenotype 
and an about 38-fold decrease in alginate production; thus, this gene is 
designated mucR. The mucoid alginate-overproducing phenotype was restored by 
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transfer of the MucR-encoding plasmid into strain PDO300 led to an about 
sevenfold increase in alginate production, wrinkly colony morphology, 
increased pellicle formation, auto-aggregation, and the formation of highly 
structured biofilms as well as the inhibition of swarming motility. Outer 
membrane protein profile analysis showed that overproduction of MucR mediates 
a strong reduction in the copy number of FliC (flagellin), required for 
flagellum-mediated motility. Translational reporter enzyme fusions with LacZ 
and PhoA suggested that MucR is located in the cytoplasmic membrane with a 
cytosolic C terminus. Deletion of the proposed C-terminal GGDEF domain 
abolished MucR function. MucR was purified and identified using tryptic 

flight mass 9 S pectrometry. Overall, experimental evidence was provided 
suggesting that MucR specifically regulates alginate biosynthesis by 
activation of alginate production through generation of a localized c-di-GMP 
pool in the vicinity of Alg44. 
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AB Cyclic dimeric GMP (c-di-GMP) is an important biofilm regulator that 
allosterically activates enzymes of exopolysaccharide biosynthesis. 
Proteobacterial genomes usually encode multiple GGDEF domain-containing 

one conserved GGDEF domain protein, GdpS (for GGDEF domain protein from 
Staphylococcus) , and a second protein with a highly modified GGDEF domain, 
GdpP, are present in the sequenced staphylococcal genomes. Here, we 
investigated the role of GdpS in biofilm formation in Staphylococcus 
epidermidis . Inactivation of gdpS impaired biofilm formation in medium 
supplemented with NaCl under static and flow-cell conditions, whereas gdpS 
overexpression complemented the mutation and enhanced wild-type biofilm 
development. GdpS increased production of the icaADBC-encoded 

levels Y Unexpectedly, Y c-di-GMP synthesis was found to be^rrelevant for the 
ability of GdpS to elevate icaADBC expression. Mutagenesis of the GGEEF motif 
essential for diguanylate cyclase activity did not impair GdpS, and the N- 
terminal fragment of GdpS lacking the GGDEF domain partially complemented the 

trans failed to complement the gdpS mutation^ and the purified GGDEF domain 
from GdpS possessed no diguanylate cyclase activity in vitro. The gdpS gene 
from Staphylococcus aureus exhibited similar characteristics to its S. 
epidermidis ortholog, suggesting that the GdpS-mediated signal transduction is 
conserved in staphylococci. Therefore, GdpS affects biofilm formation through 
a novel c-di-GMP -independent mechanism involving increased icaADBC mRNA 
levels and exopolysaccharide biosynthesis. Our data raise the possibility 
that staphylococci cannot synthesize c-di- GMP and have only remnants of a c- 
di- GMP signaling pathway. 

TI A staphylococcal GGDEF domain protein regulates biofilm 
formation independently of cyclic dimeric GMP . 

AB Cyclic dimeric GMP (c-di-GMP) is an important biofilm regulator that 
allosterically activates enzymes of exopolysaccharide biosynthesis. 
Proteobacterial genomes usually encode multiple GGDEF domain-containing 
diguanylate cyclases responsible for c-di-GMP synthesis. In contrast, only 
one conserved GGDEF domain protein, GdpS (for GGDEF domain protein from 
Staphylococcus) , and a second protein with a highly modified GGDEF domain, 
GdpP, are present in the sequenced staphylococcal genomes. Here, we 
investigated the role of GdpS in biofilm formation in Staphylococcus 
epidermidis . Inactivation of gdpS impaired biofilm formation in medium 
supplemented with NaCl under static and flow-cell conditions, whereas gdpS 
overexpression complemented the mutation and enhanced wild-type biofilm 
development. GdpS increased production of the icaADBC-encoded 
exopolysaccharide, poly-N-acetyl-glucosamine, by elevating icaADBC mRNA 
levels. Unexpectedly, c-di-GMP synthesis was found to be irrelevant for the 
ability of GdpS to elevate icaADBC expression. Mutagenesis of the GGEEF motif 
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essential for diguanylate cyclase activity did not impair GdpS, and the N- 
terminal fragment of GdpS lacking the GGDEF domain partially complemented the 
gdpS mutation. Furthermore, heterologous diguanylate cyclases expressed in 
trans failed to complement the gdpS mutation, and the purified GGDEF domain 
from GdpS possessed no diguanylate cyclase activity in vitro. The gdpS gene 
from Staphylococcus aureus exhibited similar characteristics to its S. 
epidermidis ortholog, suggesting that the GdpS-mediated signal transduction is 
conserved in staphylococci. Therefore, GdpS affects biofilm formation through 
a novel c-di-GMP -independent mechanism involving increased icaADBC mRNA 
levels and exopolysaccharide biosynthesis. Our data raise the possibility 
that staphylococci cannot synthesize c-di- GMP and have only remnants of a c- 
di- GMP signaling pathway. 
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AB The intracellular signaling molecule, cyclic-di-GMP (c- di-GMP) , has been 
shown to influence bacterial behaviors, including motility and biofilm 
formation. We report the identification and characterization of PA4367, a 
gene involved in regulating surface-associated behaviors in Pseudomonas 
aeruginosa. The PA4367 gene encodes a protein with an EAL domain, associated 
with c-di-GMP phosphodiesterase activity, as well as a GGDEF domain, which is 
associated with a c-di- GMP-synthesizing diguanylate cyclase activity. 
Deletion of the PA4367 gene results in a severe defect in swarming motility 
and a hyperbiofilm phenotype; thus, we designate this gene bifA, for biofilm 
formation. We show that BifA localizes to the inner membrane and, in 

Furthermore, mutational analyses of the conserved^AL and GGDEF^esidues of 
BifA suggest that both domains are important for the observed 

phosphodiesterase activity. Consistent with these data, the DeltabifA mutant 
exhibits increased cellular pools of c- di-GMP relative to the wild type and 
increased synthesis of a polysaccharide produced by the pel locus. This 
increased polysaccharide production is required for the enhanced biofilm 
formed by the DeltabifA mutant but does not contribute to the observed 
swarming defect. The DeltabifA mutation also results in decreased flagellar 
reversals. Based on epistasis studies with the previously described sadB 
gene, we propose that BifA functions upstream of SadB in the control of 
biofilm formation and swarming. 
TI BifA, a cyclic-Di-GMP phosphodiesterase, inversely regulates 

biofilm formation and swarming motility by Pseudomonas aeruginosa 
PA14. 

AB The intracellular signaling molecule, cyclic-di-GMP (o- di-GMP) , has been 
shown to influence bacterial behaviors, including motility and biofilm 
formation. We report the identification and characterization of PA4367, a 
gene involved in regulating surface-associated behaviors in Pseudomonas 

witl/c-di-GMP phosphodiesterase activity, as well as a GGDEF domain, which is 
associated with a c-di- GMP-synthesizing diguanylate cyclase activity. 
Deletion of the PA4367 gene results in a severe defect in swarming motility 
and a hyperbiofilm phenotype; thus, we designate this gene bifA, for biofilm 
formation. We show that BifA localizes to the inner membrane and, in 
biochemical studies, that purified BifA protein exhibits phosphodiesterase 
activity in vitro but no detectable diguanylate cyclase activity. 
Furthermore, mutational analyses of the conserved EAL and GGDEF residues of 
BifA suggest that both domains are important for the observed 

phosphodiesterase activity. Consistent with these data, the DeltabifA mutant 
exhibits increased cellular pools of c- di-GMP relative to the wild type and 
increased synthesis of a polysaccharide produced by the pel locus. This 
increased polysaccharide production is required for the enhanced biofilm 
formed by the DeltabifA mutant but does not contribute to the observed 
swarming defect. The DeltabifA mutation also results in decreased flagellar 
reversals. Based on epistasis studies with the previously described sadB 
gene, we propose that BifA functions upstream of SadB in the control of 
biofilm formation and swarming. 
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genes essential for formation of a three-dimensional biofilm. Molecular 
analysis revealed that mxdA encodes a cyclic bis (3 ' , 5 ' ) guanylic acid (cyclic 
di-GMP) -forming enzyme with an unusual GGDEF motif, i.e., NVDEF, which is 

glycosyl transferase. Both genes are essential for matrix attachment. The 
attachment-deficient phenotype of a DeltamxdA mutant was rescued by ectopic 
expression of VCA0956, encoding another diguanylate cyclase. Interestingly, 
rapid cellular detachment from the biofilm occurred upon induction of yhjH, a 
gene encoding an enzyme that has been shown to have phosphodiesterase 
activity. In this way, it was possible to bypass the previously identified 
sudden depletion of molecular oxygen as an environmental trigger to induce 



MR-1 biofilms by cyclic di-GMP. 

properties of medical and environmental biofilms and pose important targets 
for their control. Biofilm stability is determined by two mutually exclusi\ 
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processes: attachment of cells to and detachment from the biofilm matrix. 
Using Shewanella oneldensls MR-1, an environmentally versatile, Fe(III) and 
Mn(IV) mineral-reducing microorganism, we identified mxdABCD as a new set of 
genes essential for formation of a three-dimensional biofilm. Molecular 
analysis revealed that mxdA encodes a cyclic bis ( 3 ' , 5 ' ) guanylic acid (cyclic 
di-GMP) -forming enzyme with an unusual GGDEF motif, i.e., NVDEF, which is 
essential for its function. mxdB encodes a putative membrane -associated 
glycosyl transferase. Both genes are essential for matrix attachment. The 
attachment-deficient phenotype of a DeltamxdA mutant was rescued by ectopic 
expression of VCA0956, encoding another diguanylate cyclase. Interestingly, a 
rapid cellular detachment from the biofilm occurred upon induction of yhjH, a 
gene encoding an enzyme that has been shown to have phosphodiesterase 
activity. In this way, it was possible to bypass the previously identified 
sudden depletion of molecular oxygen as an environmental trigger to induce 
biofilm dissolution. We propose a model for c-di-GMP as a key intracellular 
regulator for controlling biofilm stability by shifting the state of a biofilm 
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: dinucleotide 3 ' , 5 ' -cyclic diguanylic acid (c-di-GMP) is a natur 
small molecule that regulates important signaling systems in 

We have recently shown that c-di -GMP inhibits Staphylococcus 
.film formation in vitro and its adherence to HeLa cells. We now 
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report that c-di-GMP treatment has an antimicrobial and antipathogenic 
activity in vivo and reduces, in a dose-dependent manner, bacterial 
colonization by biof ilm-f orming S. aureus strains in a mouse model of mastitis 
infection. Intramammary injections of 5 and 50 nmol of c-di-GMP decreased 
colonization (bacterial CFU per gram of gland) by 0.79 (P > 0.05) and 1.44 (P 

< 0.01) logs, respectively, whereas 200-nmol doses allowed clearance of the 
bacteria below the detection limit with a reduction of more than 4 logs (P < 

platform which could be used alone or in combination with other agents or 
drugs in the prevention, treatment, or control of infection. 
3 ' , 5 ' -cyclic diguanylic 

acid reduces the virulence of biof ilm-f orming 
Staphylococcus aureus strains in a mouse model of mastitis 

The cyclic dinucleotide 3 ',5' -cyclic diguanylic acid (c-di-GMP) is a naturally 

bacteria. We have recently shown that c-di -GMP inhibits Staphylococcus 

report that c-di-GMP treatment has an antimicrobial and antipathogenic 
activity in vivo and reduces, in a dose-dependent manner, bacterial 
colonization by biof ilm-f orming S. aureus strains in a mouse model of mastitis 
infection. Intramammary injections of 5 and 50 nmol of c-di-GMP decreased 
colonization (bacterial CFU per gram of gland) by 0.79 (P > 0.05) and 1.44 (P 

< 0.01) logs, respectively, whereas 200-nmol doses allowed clearance of the 
bacteria below the detection limit with a reduction of more than 4 logs (P < 
0.001) compared to the untreated control groups. These results Indicate that 

platform which could be used alone or in combination with other agents or 
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AB Nitric oxide (NO) signaling repressively regulates metamorphosis in 1 
solitary ascidians and a gastropod. We present evidence for a simil, 
the sea urchin Lytechinus pictus. NO commonly signals 
cyclase (sGC) . Nitric oxide synthase (NOS) activity i 
including neurons, depends on the molecular chaperone heat shock protein 90 
(HSP90); this may be so in echinoid larvae as well. Pluteus larvae containinc 
juvenile rudiments were treated with either radicicol L- or D-nitroarginine- 
methyl-ester (L-NAME and D-NAME) , or IH- [1, 2, 4] oxadiazolo [4 , 3-a] quinoxalin-1- 
one (ODQ) , inhibitors of HSP90, NOS, and sGC, respectively. In all instances, 
drug treatment significantly increased the frequency of metamorphosis. SNAP, a 
NO donor, suppressed the inductive properties of L-NAME and biofilra, a natural 
inducer of metamorphosis. NADPH diaphorase histochemistry indicated NOS 
activity in cells in the lower lip of the larval mouth, the preoral hood, the 
gut, and in the tube feet of the echinus rudiment. Histochemical staining 
coincided with NOS immunostaining . Microsurgical removal of the oral hood or 
the pre-oral hood did not induce metamorphosis, but larvae lacking these 
structures retained the capacity to metamorphose in response to ODQ. We 
propose that the production of NO repressively regulates the initiation of 
metamorphosis and that a sensory response to environmental cues reduces the 
production of NO, and consequently cGMP, to initiate metamorphosis. 

TI NO/cGMP signaling and HSP90 activity represses metamorphosis in 

the sea urchin Lytechinus pictus. NO commonly signals via soluble guanylyl 
cyclase (sGC) . Nitric oxide synthase (NOS) activity in some mammalian cells, 

(HSP90 ) ; ^this may be so in echinoid larvae as well. Pluteus larvae containinc 
juvenile rudiments were treated with either radicicol L- or D-nitroarginine- 
methyl-ester (L-NAME and D-NAME), or IH- [ 1 , 2, 4 ] oxadiazolo [ 4 , 3-a] quinoxalin-1- 
one (ODQ) , inhibitors of HSP90 , NOS, and sGC, respectively. In all instances, 
drug treatment significantly increased the frequency of metamorphosis. SNAP, t 
NO donor, suppressed the inductive properties of L-NAME and biofilm, a natural 

activity in cells in the lower lip of the larval mouth, the preoral hood, the 
gut, and in the tube feet of the echinus rudiment. Histochemical staining 
coincided with NOS immunostaining. Microsurgical removal of the oral hood or 
the pre-oral hood did not induce metamorphosis, but larvae lacking these 
structures retained the capacity to metamorphose in response to ODQ. We 
propose that the production of NO repressively regulates the initiation of 

production of NO, and consequently cGMP, to initiate metamorphosis. 
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duration of action of GSNO and vagina blood perfusion in the rat model without 
causing any cytotoxic effects. The NO-releasing vaginal films might be used 
as a promising treatment device against FSAD. 

In vivo evaluation of vaginal films for mucosal delivery of 

nitric oxide. 

Nitric oxide (NO) -releasing vaginal films were developed and evaluated as a 
potential advanced treatment option for female sexual arousal disorder (FSAD) . 
The polymeric films containing s-nitrosoglutathione (GSNO) , an endogenous NO 
donor, were prepared using the reduced-pressure drying method. The surface 
morphology, thermal/mechanical properties, stability, loading efficiency and 
physicodynamic properties were characterized and the pharmacological 
activities were evaluated through in vitro and in vivo studies. The GSNO 
films were homogeneous and transparent, and showed suitable mucoadhesiveness 
and mechanical properties. The release profiles of NO from the GSNO films 
-order kinetic pattern and NO activated the NO-cGMP 
_n vaginal cells. The GSNO films significantly enhanced the 
of GSNO and vagina blood perfusion in the rat model without 
lie effects. The NO-releasing vaginal films might be used 
itment device against FSAD. 
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s nitrosoglutathione: TP, topical drug administration 
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